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Identification of mucosal abnormalities is aided by the use of dyes during colonoscopy (chromoendoscopy). 1 Two dyes that have found particular favour are methylene blue and indigo carmine. 2, 3 Methylene blue, which, unlike indigo carmine, is taken up by cells, induces cellular DNA damage in vitro via the generation of singlet oxygen when photoexcited by white light. 4 In contrast, indigo carmine appears to be photostable and to possess little potential to damage genetic material in vitro. 5, 6 A recent clinical study has shown that the extent of DNA damage (particularly oxidative DNA damage) in human oesophageal cells is increased after methylene blue chromoendoscopy. 7 Additional iatrogenic oxidative DNA damage to epithelial cells is of particular concern in such precancerous tissue because of the association between oxidative DNA damage, mutagenesis and the development of malignancy. 8 We hypothesised that indigo carmine would induce less DNA damage than methylene blue both in vitro in cultured colon cells during simulated chromoendoscopy conditions and in vivo in colonic biopsy samples collected at chromoendoscopy.
We used the alkaline comet assay to determine DNA damage in the cells treated with methylene blue/indigo carmine and white light. This is a sensitive technique for analysing and measuring such damage in mammalian cells, with the percentage of DNA in the comet tail being linearly related to DNA damage. 9 The inclusion of the DNA repair enzyme, Fapy-DNA-glycosylase (FPG), in the comet assay results in the excision of oxidised guanines to yield additional DNA strand breaks that are detectable in the comet assay. 10 This allows an estimation of specific oxidative DNA damage to cells. In all the experiments described below, the cell viability exceeded 70%.
To simulate chromoendoscopy in vitro, 50 µl of either 0.1% methylene blue or 0.1% indigo carmine dye was added to a monolayer of cultured CaCo2 adenocarcinoma cells for 2 min in the presence and absence of cold white light. Only low levels of DNA damage are found in cells in both the alkaline and the FPG-modified comet assay when the exposure is to white light alone (fig 11) .). Treatment with indigo carmine either in the light or in the dark, or with methylene blue in the dark did not result in any major change in the extent of DNA damage compared with controls. In contrast, cells treated with methylene blue in the light showed a salient increase in DNA damage compared with controls in both the alkaline and the FPG-modified comet assay (p<0.001). For in vivo experiments, ethical approval and patient consent were obtained to take biopsy samples from colonic mucosa during routine endoscopic examination. Mucosal biopsy samples were taken from the same area of the colon before and after the application of 2 ml of 0.1% methylene blue or indigo carmine dye onto the colonic mucosa.
Patients in the methylene blue chromoendoscopy group, but not those in the indigo carmine group, had significantly greater DNA damage in biopsy samples after dye spraying than before the application of dye in both the alkaline (p = 0.014) and the FPGmodified comet assay (p = 0.002; table 11). Table 1 Median DNA damage measured by the standard comet assay and the Fapy-DNA-glycosylase-modified comet assay before and after methylene blue and indigo carmine dye spraying in the two groups of patients Of the 10 patients receiving methylene blue chromoendoscopy, eight had higher levels of DNA damage, post-endoscopy, measured by alkaline comet assay, and all had higher levels of DNA damage, measured by the FPG-modified comet assay.
Our study highlights the potential for the induction of DNA damage by methylene blue when used as a dye during colonoscopy. It is reasonable to suggest that any iatrogenic DNA damage induced in colonocytes by dye spraying should be avoided where possible, particularly in high-risk groups such as patients with ulcerative colitis. The efficacy of methylene blue versus indigo carmine during chromoendoscopy has not been formally compared, but if assumed to be equal, indigo carmine rather than methylene blue should be considered for use.
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